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INTRODUCTION 
The increasing quantity and comp�exity of industrial, agricul-
tural, and municipal wastes entering our waste treatment facilities 
require continual expansion and improvement of these facilities to 
meet the more stringent standards being placed upon effluent dis-
charges (1). Many of the substances found in today's wastewater are 
not appreciably affected by conventional aerobic treatment operations 
and processes. Some of these more common substances are calcium, po-
·-
tassium, sulfate, nitrate, and phosphate. Along with these relatively 
simple inorganic ions, an increasing number of synthetic organic com-
pounds are not affected by conventional primary and secondary treatment. 
It can be anticipated that the allowable concentrations of these pollu-
tants will be reduced as their. effects on the environment become more 
clearly understood. Advanced wastewater treatment or tertiary treat-
ment will be required to maintain these standards (2-633). 
The terms advanced wastewater treatment and tertiary treatment 
have of'ten been used synonymously without an understanding of their 
meanings. It has been said that "tertiary treatment occurs after pri-
mary and secondary treatment while advanced waste treatment means any 
technique, process, or system that is not then in common use (3)." 
From this statement it may be concluded that· an advanced treatment 
process may possibly be referred to as tertiary treatment a�er it 
has become more widely used and accepted. ·A concise and useful def-
inition of tertiary treatment has been proposed by Symons (4 )  and 
recommended by Andersen (3), 
TERTIARY TREATMENT's Any wastewater treatment process used 
a�er·secondary treatment that employs physical, chemical, 
or biological· methods to refine the effluent of the second­
ary treatment or to otherwise decrease the pollutional load. 
One tertiary treatment method receiving current attention and 
study involves the use of the soil as a final waste treatment facility. 
It is common knowledge that soil has inherent treatment capabilities 
because water obtained from wells has always been considered reasonably 
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safe for drinking. Generally, the only treatment received by this water 
has been its passage through the soil strata. This is a natural phenom-
enon, unaltered by man in most case&, which has been occurring since 
the beginning of time. 
Whenever man begins to alter these naturally occurring events, 
problems arise which must be answered. These problems are derived 
partly from the differences in_ objectives between nature and man: 
In general it may be said that nature proceeds from a random 
and multipurpose approach whereas man seeks to optimize the 
conditions under which a given reaction or process of nature 
proceeds. While experience has repea.tedly demonstrated that 
many natural processes can be speeded up by man, in the case 
of soil systems this has sometimes engendered a greediness 
for results which has led to failure. Man's goal is to put 
effluent into the ground at a maximum rate and with a maxi­
mum upgrading of its quality in the process (5-4). 
In the case of engineered soil systems it is the engineer who must 
cope with these probl·ems. 
As discussed later in the review of ·literature, previous studies 
conducted on similar types of soil at different locations have revealed 
different infiltration rates and quality improvements. These contrast-
ing results have indicated that data obtained from other studies can 
not be used to reliably predict the infiltration rates or improvements 
J 
in water quality for soils at differertt locations (5-J1). Due to the 
complex nature of the different soil types and characteristics of the 
applied effluents, only an in-depth study at a proposed location will 
provide reliable information regarding infiltration potential and qual­
ity improvements at the site. For this reason it was decided to perform 
a study at the Brookings sewage treatment facility. 
Through the cooperation of the city officials a small pilot study 
was conducted near the Brookings stabilization ponds. The �rocedure 
involved the passage of stabilization pond effluent through two lysim­
eters containing compacted soil. Samples of influent and effluent were 
·collected from each of the independently operated lysimeters. The sam­
ples were measured to determine the infiltration rate and analyzed to 
evaluate the quality of the water. 
The study was conducted with the following objectives: 
1 .  to determine the. infiltration rate of the lagoon effluent 
passing through the soil, 
2. to compare the qualities of influent and effluent from the 
lysimcters and determine if effluent quality standards would 
be met, 
3. to determine the changes in infiltration rate and effluent 
quality with time a�er continuous inundation, 
4. and to determine if a high quality �ffluent could be obtained 
at su�ficient infiltration rates to make soil absorption a 
practical tertiary treatment method at this location. 
LrrERATURE REVIEW 
The potential of soil systems for waste treatment and 
disposal has not been fu.lly exploited. Reasons for this 
are apparent from a review of the literature and from con­
sideration of policy views of control agencies. One of the 
major reasons is the possible pollution of ground water 
through application of waste to the land. Although ample 
evidence has been accumulated from research studies to show 
that the flow of wastes into the soil under controlled con­
ditions can provide a high degree of treatment, and thus 
protection to ground water, relatively few full-scale 
operations have been studied to demonstrate the practical 
potential. The efficiency of land disposal under year­
round operation, particularly in cold climates, is also 
questioned ( 6 ). 
Through the mid-1960's there were very few engineered soil systems 
in which the main objective was to use the soil mantle to change the 
quality of infiltrating and percolating water. Rather, most similar 
type systems were used as methods of gr0und water recharge ( 5-92 ). 
With the advent of the "zero discharge" concept in regard to waste� 
water treatment, the use of land disposal for sewage effluent seems to 
be a practical method of treatment at this time. 
At present three basically different types of soil systems have 
4. 
been designed using the soil mantle as the final treatment method ( 5-93 ). 
These systems are 1 .  those that discharge to an underdrainage system 
which directly recovers the applied water, 2. · those which discharge to 
the ground water from which the water may eventually be recovered, and 
3. those which depend upon discharge of water to the atmosphere by 
evapotranspiration and involve no water recovery except through the 
hydrological cycle. 
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Numerous methods of distributing the applied influent or collecting 
the treated effluent are used in these systems (5-93). The first two 
systems may involve ponding or storage of the wastewater above the ground 
surface. The initial system uses tile underdrains, recovery wells, or 
similar methods to collect the treated effluent after it has traveled 
through a portion of the soil strata • . Recovery systems are needed where 
the infiltration rates are low because the subsoil is fine-grained and 
rather impervious. The second system can be used where the surface 
layer is underlain with sand or coarse-grained material. In this 
instance the permeable nature of the soil can accommodate higher infil­
tration loadings. The evapotranspiration method combines the effects 
of evaporation from the soil and transpiration by plant life to reduce 
the water in a soil system. The evapotranspiration rates are much 
lower than infiltration rates; consequently, this method is advantageous 
only with a small quantity of waste or when a large irrigation area is 
available. 
Various methods o
.
f inundating the seepage basins have been devised 
to increase the infiltration rates and to make more efficient use of 
the systems. Alternate periods of flooding and drying and using ridge -
and furrow systems have successfully increased the soil intake of applied 
effluents, and spray irrigation can also be used to distribute effluent 
over the soil (5-65 ) . Irrigation methods accomplish two purposes: 
irrigation of crops and more efficient treatment of the waste. Nitrogen 
and phosphorus removals are increased by plant consumption and the plant 
root systems loosen the soil increasing the infiltration capabilities. 
Related Studies of Soil Absorption Systems 
In the past few years numerous research projects have been initi­
ated to evaluate methods of land disposal for sewage effluents. Some 
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of the studies have been meant to assess land disposal methods as a 
final treatment method while others involve evaluation of ground water 
recharge potential using treated sewage effluents. Many of the projects 
are still in operation and others have been discontinued. They have all 
been concerned with analyzing the water quality improvements, evaluating 
any potential hazard to the underlying ground water, and studying the 
infiltration potential for the areas involved. A number of these pro­
jects will be described in the following paragraphs and the results will 
be discussed in later sections of this presentation. 
Flushing Meadows Project. A significant study on ground water recharge 
and. sewage treatment has been conducted at the Flushing Meadows Project 
located in the Salt River Va.lley west of Phoenix, Arizona ( 7 , 8 ,9,10) . 
The Salt River Valley is an irrigated agricultural area which is rapidly 
becoming urbanized, and because of the depleting ground water level it 
was decided to investigate some method of replenishing this supply. The 
Flushing Meadows Project has sholtm that secondary · sewage effluent can be 
effectively renovated by ground water recharge with high-rate infi.ltra­
tion basins. 
The facilities were constructed in 1967 and consist of six basins 
( 20 x 700 ft) located in the normally· dry Salt River bed. The soil be­
neath the b3.sins consists of about 3 � of fine, loamy sand underlain 
by coarse sand and gravel to a depth of over 200 :ft. Secondary effluent 
from an activated sludge plant was pumped into the basins and water 
depths of 0 . 5 and 1 :f't were controlled at the outlet of each basin. 
The input and output from each basin were measured and used to calcu­
late the infiltration rates. In 1968, after extensive investigation 
of initial soil conditions and infiltration rates, one basin was cov­
ered with a gravel layer, another was left undisturbed, and the four 
remaining basins were planted with Bermuda grass. These changes were 
made to determine if surface conditions influenced the infiltration 
capacity of the soil. Observ�tion wells were installed in various 
locations throughout the project at depths of 20 to 1 00 ft. The wells 
were used to obtain samples of the reclaimed effluent for analyses and 
to measure the changes in ground water elevations • 
. The results of the studies conducted at Flushing Meadows have 
sho'Wll that soil treatment is a 'satisfactory method of renovating sew­
age effluent at that location. The reclaimed water meets the Arizona 
standards for irrigation and unrestricted recreational uses. 
Santee Recreation Project. The Santee, California, project uses sew­
age effluent to replenish a series of small recreational lakes (11). 
The effluent from an activated sludge treatment plant enters an oxi­
dation pond and is later spread over infiltration basins. The effluent 
seeps into the soil and travels about 1500 f't through a gravel aquifer. 
At this point a man-made trench intercepts the ground water flow and 
carries it into the lakes which are used for swimming, boating, and 
fishing. Extensive studies have been conducted regarding the public 
health aspects of this project. The studies have shown that contact 
with the renovated wastewater has not.been dangerous to public health. 
7 
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Israel Reclamation Project. A ground water recharge project constructed 
in the late 1960's �s planned to increase Israel's water supply by 12  
percent (12). Raw sewage was piped 11.miles to lagoons underlain by an 
impervious clay stratum. The lagoon effluent was then applied to sev­
eral spreading basins located in sand dunes which are connected to an 
underground aquifer. The reclaimed water mixes with the natural ground 
water while traveling through the aquifer. Irrigation wells drilled in 
the recharge area are used to return the renovated wastewater to the 
land. 
Annandale Wastewater Treatment Works. The village of Annandale is 
located in eastern Minnesota, northwest of the metropolitan Twin Cities 
area. The existing sewage treatment facilities were constructed in 
1962 and consist of one primary stabilization pond, two secondary 
ponds, and a ridge and furrow irrigation system for land disposal of 
the effluent (1J). The lago.ons are designed to operate in series and 
treat an approximate flow of 0.2 MGD with � BOD5 of about 235 mg/1. 
The primary cell covers 2J acres and the secondary units have a com­
bined surface area of 8 acres. The irrigation field totals about 12 
acres and can be operated as four independent units. The irrigation 
field is artificially drained by a system of drainage tiles buried at 
a depth of about 5· :rt. In 1970 an evaluation· of this facility showed 
that the ridge and furrow irrigation system was a commendable treat­
ment method. 
Local Stabilization Ponds. A situation similar to infiltration basins 
exists in eastern South Dakota. Research has been conducted at the 
Volga, Castlewood, Beresford, and Milbank stabilization ponds by the 
Civil Engineering Department at South Dakota State University (14, 1 5 ) . 
Although these units were originally designed as stabilization ponds 
they can be termed "seepage lagoons" because of their apparently high 
infiltration losses. It has been estimated that the Milbank stabiliz­
ation pond has one-third to one-half of the influent qu�ntity seeping 
away; infiltration rates at t�e Beresford cells are in excess of one­
thi:rd the influent flow; and the total. flow at the Volga and Castlewood 
. lagoons infiltrates or evaporates as there is no effluent discharge at 
either site. 
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The Beresford and Milbank units are more comparable to a soil 
absorption system than the others. At these sites intercepting tile 
unde:rdrains have been installed adjacent to the dikes to alleviate wet 
conditions in nearby fields that have been attributed to lagoon seepage. 
In the research conducted at these locations the effluent from the un ­
derdra.ins ·was analyzed and compared to lagoon samples. Analyses showed 
that there was very little mixing of lagoon seepage and ground water. 
These systems are quite similar to the treatment processes involved in 
a seepage basin, but the actual infiltration rates could not be deter­
mined. Studies at these sites have shown that reliable treatment was 
obtained by passing wastewater through the soil ( 14 ) . 
At the Volga 
·
and Castlewood sites sampling wells were drilled in 
the vicinity of the lagoons. It was determined that lagoon seepage had 
been mixed with ground wat er prior to sampling; consequent ly, these 
studies could not be used to evaluate the actual treatment capability 
of the soil. Evaluation of the ground water near the lagoons showed 
little degradation; therefore, these result s would seem to indicate 
that effective treatment had been obtained by passing wa st ewat er 
through the soil (14, 1 5).  
Detroit Lakes Study. In the fall of 1968 research was conducted at 
Detroit Lakes, Minnesota, t o  study phosphorus and nitrogen removal 
-
from wast ewater effluent s percolat ed through local peat soil (1 6).  
Because of the  high water table, soil lysimeter s  were used in the 
field to i solat e the soil percolat es from adjacent ground water. 
Lysimet ers were also used in the laborat.ory to monitor phosphorus 
and nitrogen fixation. The soil chambers were compact ed with care-
fully selected. soil to closely resemble the native soil horizons. 
Artificial drainage in the laboratory unit s yielded a higher quality 
effluent than in the field studies. It was concluded that the high 
wat er table and soggy field conditions were not advantag eous to land 
disposal of wa st ewater, but this type o f  system could provide ade- · 
quat e t ertiary treatment if properly managed. 
Muskegon Spray Irrigation Project. Muskegon County, in west ern Mich-
igan, will have the largest installation in the Unit ed Stat es for 
spraying t reated sewage effluent s on cropland ( 1 7 ) .  The chief goal 
of this syst em i s  to eliminate the discharge of pollut ed waste into 
surface wat ers . The irrigation project will cover about 1 0 , 000 acres 
1 0  
and will provide water and nutrients for the crops. Lagooning will 
provide the equivalent of secondary treatment before the effluent is 
sprayed on the farmland. A:f'ter percolating through the soil the water 
will be collected by an underdrainage system and discharged into local 
surface waters. The drainage tiles will prevent the fields from be-
coming waterlogged and unfit for cultivation. 
The Muskegon project was scheduled for completion last summer 
(1973), It will take five years before the project studies are com-
pleted and a final evaluation of the system can be made. 
Infiltration Results from Past Studies 
All land disposal systems are dependent upon three interrelated 
factors that influence the effectiveness and efficiency of operation. 
These factors are the infiltration rate of the soil, the percolation 
rate of the soil, and the clogging properties of the soil and applied 
effluent. It has been shown that percolation is of minor importance 
in these systems and that the relationship between infi.ltration and 
clogging are the dominant factors to be considered (5-9), 
To understand these factors one must know the basic difference 
between infiltration and percolation: 
The infiltrative capacity is the rate a.t which liquid will 
pass through the soil-water interface and measures the abil­
ity of a soil to accept water, whereas percolative capacity 
represents the rate at which water moves through the soil 
once it has passed the interface. It measures the ability 
of the soil to transport water ( 5-9). 
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It can be concluded. that "the percolati ve capacity of a soil is a func-
tion of the characteristics of the soil, whereas the infiltrative 
capacity is a function of some other material spread as a clogging 
mat on the soil surface ( 5-27)." In a soil treatment system the 
formation of the clogging mat is depende nt upon the characteristics 
of the waste to be treated and the top layer of soil. 
An initial step in developing a land disposal system is deter­
mining the infiltrative and percolati ve capacities of the available 
soil. These two values may be the same at the beginning of operation, 
but af'ter continued inundation surface clogging will decrease the 
infiltrative capacity (5-9). _Therefore, the infiltration rate is 
the major concern in designing soil systems. A desired objective is 
to keep infiltration at a high rate and nearly equal to the percola­
tion capacity, if possible (5-10). 
Accurate determinations of the infiltration rates prior to 
design and operation of the systems are difficult to obtain. A 
number . of methods, including percolation tests, infiltrometer stud­
ies; and lysimeter studies, have been used to estimate the infiltra­
tion potential. 
For many yea.rs percolation tests have been a standard procedure 
in the design and construction of septic tanks, cesspools, and tile 
field drainage systems. In the mid-1920's Ryon developed a percola­
tion test which involved digging a hole 1.� .square and 18 inches 
deep, filling the hole with water, and measuring the rate at which 
the water level decreased (5-10). Data from a number of locations 
were used to develop a curve showing the relationship between hydrau­
lic loading ( in gallons per day per square foot ) and the time (in 
12 
minutes) fqr the water level to drop one inch (5-12). The U.S. 
Public Health Service also developed similar curves, but a large 
portion of the data was contradictory to Ryon's (5-1.3). The aver­
age percolation rate could be determined by running a number of 
percolation tests in a desired area. Knowing the percolation rate, 
the absorption area could then be sized using the available curves. 
Although both curves have been used for design, they have limited 
value in most areas. 
Performance evaluations of a number.of tile fields and cess­
pools have shown that af'ter continuous operation the infiltration 
rates are unpredictable and varied. The same problems arise when 
using percolation tests to determine the infiltration rates for soil 
absorption systems ( 5-1 6) . "By far the most serious limitation of 
the percolation test is the assumption that the short-term infiltra­
tion rate of clear water is a measure of ·the long-term capacity of a 
soil to accept sewage ( 5-27) . " 
Infiltrometers can also be used to determine the rate of water 
intake into the soil (18-110). This device consists of two concen­
tric sheet metal rings of different diameters forced into the soil_�. 
a few inches below th� ground surface. Water is applied to the por­
tions of the rings projecting above the groupd. The purpose of the 
outer ring is to prevent the water within the inner space from spread­
ing over a larger area af'ter penetrating below the bottom of the ring. 
The infiltration capacity is determined by measuring the ·quantity of 
water· added to the inner circle to maintain a constant level. This 
292577 
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device prov.ides a simple and direct method of determining the capacity 
at which the ground is capable of absorbing water under test conditions, 
but it does have serious limitations when compared to operation of an 
infiltration basin. The effects of compression of the entrapped air 
are absent because of lateral escape; and it is impossible to place a 
ring or cylinder in the ground without disturbing the soil structure 
near the perimeter. Because of the small area contained within the 
inner ring the disturbed area may be a large percentage· of the total 
absorption area and the results will be significantly affected. 
Lysimeter studies involve compacting disturbed soil in a barrel 
or similar container and inundating the surface with water or effluent. 
Such studies have shown that disturbed granular soils can be used to 
predict its behavior under field conditions, but the reliability of 
using disturbed fine-grained soils is questionable (5-31) . Both in­
filtrometer and lysimeter studies are similar to percolation tests in 
that the short-term infiltration rate of clear water is not an accu­
rate indicator 01· the long-term capacity to accept sewage. It has 
been estimated that the amount of sewage effluent which may be leached 
away is one-twentieth the amount of clear water, �nd tests at the Uni­
versity of Florida have sho1m that some soils can absorb 40 times as 
much water as sewage ( 5-23). 
Prolonged water spreading on soil should result in a typical per­
colation rate ctL..�e as shown in Figure. 1 ( 5�35) . Phases I and III in 
Figure 1 reveal decreasing percolation rates as expected, and phase 
II has been shown to result from the removal of entrapped air by the 
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Figure 1. Typical percolation rate curve for prolonged water spreading on a soil core 
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percolating water. Phase III, the long-term decrease in permeability, 
has been demonstrated to result from microbial activity clogging the 
soil surface which reduces the infiltration capacity rather than the 
percolation rate ( 5-34 ) . If the infiltrometer or lysimeter studies 
were not conducted for a sufficient length of time, the infiltration 
rates would appear to be too high for acceptable design purposes. 
Another interesting conclusion appears applicable: "the long-term 
equilibrium rate for various soils and various qualities of applied 
liquid is a quite low value which tends to be somewhat constant re­
gardless of the initial infiltration rate ( 5-38 ) ." 
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Considerable efforts have also been made to correlate permeability 
with physical properties of soil. Although most physical and chemical 
properties are in some way related to infiltration and permeability, 
these studies have met with little or no success. A California study 
involving similar soils �as shown wide variations in infiltration 
rates both initially and after prolonged spreading of sewage ( 5-31) .  
Therefore, it was concluded that.physical and chemical properties can 
not be used to accurately predict long-term infiltration capabilities 
of soil. 
"The subject of clogging is the most critical factor in the engin­
eering feasibility of soil systems, and it is a key facet of the question 
of quality change ( 5-39) ." If a suitable soil has been found with suffi­
cient infiltration and percolation capacity, the problems faced by the 
design engineer relate to the nature and control of clogging and the 
quality of the wastewater that can be applied. The infiltration rate 
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is decreased because of the physical, chemical, biological, and organic 
·factors which contribute to clogging in the extreme topmost layer of 
the soil system ( 5-39) . 
Physical factors influencing clogging include 1 .  compaction by 
superimposed loads ( impounded water or equipment ) , 2. smearing of soil 
systems during excavation, 3 .  migration of fines due to equipment vi­
bration or rainfall, and 4 .  washdown of fines (5-40 ) .  All of these 
factors tend to compact the soil and make it more impervious to pas­
sage of liquid and some cannot be prevented in the construction of a 
soil system. Another important physical aspect is the distance to the 
underlying water table. A minimum of 2.5 to 3 � is needed to insure 
proper draining and aerobic conditions in the top layer between doses. 
Shorter distances will not allow adequate drainage because of the cap-
illary effect. Improper drainage causes anaerobic conditions which � 
enhance the development of biological clo.gging (5-41). 
The chemical factor most responsible for changing the nature of 
the soil is ion exchange (5-43), When sodium represents a high por­
tion of the cationic content of the water the soil will deflocculate 
causing a decrease in permeability. The sodium absorption ratio ( SAR ) 
is a numerical factor expressing the relative activity of sodium ions 
in the ·exchange reactions with the soil. The SAR is also dependent 
upon the concentration of calcium and magnesium in the applied water 
(19-110). Soils containing clay are most affected by a water with a 
high SAR and are the least suited for soil absorption systems. 
"Clogging of soil by biological agents and their act ivities is 
undoubtedly the most important cause of loss of infiltrative capacity 
(5-44)." Microbial act ion has already been cit ed as contributing to 
the phase III decline in percolation rates .  The clogging result ed 
from anaerobic activity on organic matter already in the soil and 
occurs in the upper 0.5 to 1 cm . Surface clogging in the presence 
of organic matter in the applied wast ewater involves the followings 
1 . reduct ion of pore space by deposited suspended solids, 
2 . reopening of pore space by bacterial decomposit ion of  
entrapped organic sol�ds, 
) . reduction of pore space by bacteria growing on entrapped 
or dissolved solids, 
4. and reopening of pore space by decline of bacterial growths 
during drying or periods of inadequate substrat e (5-45) . 
In field studies of clogged septic tank absorption fields a bio-
logical slime was found covering the drainage area . This slime was 
generally produced by anaerobic degradation, and it was found that 
air-dr1ing would eliminate some of the clogging problems associated 
with the anaerobic environment . It has been concluded from a number 
of studies that intermittent dosing and drying periods are needed to 
produce aerobic conditions necessary for efficient .operation of an 
absorption field ( 5-49) . 
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A recent Ohio study produced some interesting results with regard 
to seasonal variations and operation of soil systems (20) . It was con-
eluded that hydraulic longevity of systems started in the summer was 
three times greater than those started during winter months. Cold wea-
ther had an adverse effect on the initial biological processes, but if 
biological maturity was reached prior to winter condit ions no detrimen-
tal effects were apparent. 
Cloggi�g is also dependent upon the soil particle size. If the 
top portion of the soil contained larger particles there would be 
larger voids, and aerobic conditions would result at greater depths 
during the drying intervals. Experiments to evaluate this situation 
were conducted by overlaying the infiltrative surface with sand graded 
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from slightly larger than the soil particles at the bottom to pea gravel 
at the.top. Laboratory and pilot-scale installations have shown that 
"clogging in depth occurs and can greatly prolong the loading periods 
of a system (5-62)." 
Studies conducted at the Flushing Meadows Project have yielded 
somewhat different evidence regarding soil clogging. These studies 
have shown that when using secondary sewage effluent for intermittent 
dosing physical clogging is usually the main cause of infiltration 
reduction, and biological clogging becomes a factor only under periods 
of long inundation. Suspended solids concentrations of under 10 mg/l 
are recommended. and, if adhered to, the problems of physical clogging 
are minimized (8). It has been concluded that: 
An unfavorable situation occurs where coarse so·il overlies 
finer soil, or where the soil is covered by a gravel layer 
to provide "better infiltration." In that case, :particulate 
matter may move through the coarse upper layer and settle 
out on the finer soil layers further down. The clogging 
caused by this is out of reach of the drying influence of 
the sun or of .the spikes or disks of the cultivator. Dry­
ing and cultivating are normally effective in decomposing 
and breaking up, respectively, a clogged surface layer ( 7).  
Bouwer has also discovered that a relationahip between water depth 
and infiltration rate can be used to predict the extent of soil clogging. 
If the.infiltration rate increases linearly with water depth above the 
soil, the 9logged layer is thin and at the surface of the soil, but 
if the infiltration rate is not as sensitive to water depth, clogging 
is at a greater depth (7). 
It has already been established that anaerobic conditions are 
a critical factor in soil clogging, and that continuous inundation 
is undesirable. Both duration of the dosing interval and organic 
content of the effluent are factors in this failure, and an optimum 
loading cycle should be established for efficient operation. Approx-
irnately equal periods of loading and rest.ing are required for surface 
spreading ponds, although the most efficient cycle cannot be predicted 
without exi}erimentation. In studies conducted at Lodi, California, it 
was found that infiltration rates following the drying periods were 
from seven to ten times greater than the final rates during the dosing 
cycle. "During the summer months the amount of sewage infiltering the 
soil was 5 times that which .might have been introduced at a continuous 
equilibrium, and during winter months the factor was about 2 (5-65)," 
If long-term use results in a continual decrease in the infiltration 
capacity a longer drying period accompanied by surface treatment of 
the soil should again increase the infiltration rate. Management of 
a land 
.
disposal system· for maximum infiltration can usually be deter-
I 
mined only by experimentation at the loc�tion. 
Quality Results from Past Studies 
There is sufficient information in the literature to conclude 
that the quallty of wastewater is improved by traveling through the 
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soil . The following discussion will refer to the quality improve ­
ment s not ed in a ni.1mber of the research pro ject s  previously described . 
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N it ro gen and phosphorus removals are of spe cial i nt ere st because 
o f  their increasing significance in eut rophicat ion of lakes and be cause , 
under normal condit ions , primary and se condary t reatment do not ade ­
quat ely remove these nutrient s ( 21 ) .  It ca� be ant i cipat ed that the 
allowable e ffl uent concentrat ions o f  these nutrient s will be reduced , 
and new treat ment methods will be needed to meet t h e se standards . 
Therefore , so il absorpt ion sy st ems may be an important method for 
meet ing the se need s in the near fut ure . 
A recent Canadian st udy ( 21 )  produced some int ere st ing result s 
regarding nutrient removals in fine sand and medium sand filt ers . 
Phosphorus reduct ion of over 95 percent result ed i n  the fine sand 
filt er and o nly a 1 5  percent reduct ion occurred in the medium sand 
filt er . The nit ro gen removal s were less encouraging as only 25 per­
cent o f  the total nit rogen was removed in these pro cesse s . It was 
sugge st ed t hat growing a cover crop on the soil would in crease ni ­
t ro gen removal and minimize po ssible ground wat er pollut io n . 
At D et ro it Lakes it was found that the local so i l  did have phos �  
phorus removal pot ent ial , but the removal s declined from 92 percent 
to 76 percent aft er cont inuo us floo_ding ( 1 7 ) . When similar so il was 
placed i n  laboratory lysimet ers and artificially drai ned the pho s ­
phorus removal increased with t ime from 95 to 99 percent . It was 
concluded that such removal s were enhanced by the aerobi c condit ions 
and t ile drainage would be ne ce-ssary for an absorpt ion syst em in the 
propo sed area . It was al so decided that cropping would be the most 
logical approach to obtaining maximum nutrient removals .  
In 1 970 , the Annandale system was investigated by the Minnesota 
Pollution Control Agency . The one-day study consisted o f  analysing 
composite samples  of raw sewage , stabilization pond effluent , and 
effluent from the ridge and furrow irrigat i�m field . The greatest 
removals were obtained in the lagoons , and nutrient concentrations 
were further reduced by the ridge and furrow syst em .  The organic 
nitrogen content was reduced to 2 . 0 mg/l by the ponds and further 
reduced to 0 . 85 mg/l in the irrigation field . This  amounted to an 
overall reduct ion of  95 percent . Nitrates and nitrites  were little 
affected by passage through the soil . Total phosphorus was reduced 
about 80  percent in the ponds to a concentration of 1 .  2 mg/1 .  The 
ridge and furrow system lowered the phosphorus content to 0 . 1 3  mg/l 
resulting in a total reduction of 98 percent ( 1 3 ) . 
In the Flushing Meadows Pro ject considerable time has been de­
vot ed to studying the different forms of  nitrogen and the changes in 
form which accompany different lengths of inundation ( 1 0 ) . With short 
inundation periods all nitrogen , which is mostly in the ammonium form 
at a concentrat ion of about 25 mg/l in the sewage effluent , i s  essen­
tially converted to the nitrate form . The increased riitrate concen­
trations could cause undesirable degradation of the underlying ground 
water . With longer periods of flooding the reclaimed water had about 
40 to 80 percent less nitrogen than the applied effluent . The nit ­
rogen ·removal has been attributed mostly to denitrification  under 
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anaerobi c conditions and adsorpt ion of ammonium in the so i l . Additional 
nitro gen was removed in the basins with the cover cro p s . Pho sphorus re­
mo val has been fairly constant during the five years o f  operation at 
Flushing Meadows ( 1 0 ) . Removals are in excess o f  50 percent when the 
e ffluent has passed through very little soil , and the pho sphorus con­
t ent s decrease as travel d i stance is lengthened . 
K jeldahl nitrogen reduct ions of 87 and 95 percent were not ed in 
the 1 969 invest i gations at Beresford and Milbank , re spect ively ( 14 ) . 
Subsequent st udies have also shown substantial nitrate reductions at 
these sites ( 1 5 ) . These re sults correspond to the nitrat e  reduct ion 
achieved during long periods of inundat ion at Flush ing Meadows . The 
continual flooding at these stabilizat ion ponds cause s  anaerobi c so il 
conditions similar to the conditions during the long inundation per­
iods in the Ari zona study . Anaerobic surroundings are ne cessary for 
denitrifi cat ion whi ch enhances the removal of nitro gen ( 2-664) . 
Pho sphorus reduct ions in excess of 95 percent were al so not ed in the 
lo cal invest i gat ions . In both instances the seepage from the lagoon 
passed through approximat ely 80 ft of soil before reaching the int er­
ception tile where it was colle cted . 
Although tert iary treatment is primarily needed for nutrient 
removal , two o f  the more important regulatory parameters are bio chem­
ical oxygen demand (BOD ) and suspended solids ( SS ) . Consequent ly ,  
the efficiency o f  treatment afforded by soil absorpt ion systems can 
be evaluated by the removal s o f  these constituents .  
Significant BOD reduct ions were noted when passing sewage efflu ­
ent through sand filters ( 21 ) .  The input to t h e  filters had a BOD 
range of 1 00-1 50 mg/l .  The discharge from the fine sand filter had 
a negligible BOD concentration while the effluent from the medium 
sand filter had a range of 25-30 mg/l ;  
Results o f  the Annandale study show a slight BOD reduction from 
soil treatment . The stabilization pond reduced BOD concentrations 
from 120 to 2 . 4 mg/l ,  and BOD was further reduced to 2 . 1  mg/l by 
passage through the soil ( 1 J ) . Because of the low concentrations in 
the lagoon effluent the treatment afforded by the soil was negligible . 
BOD evaluations were not eonducted in the South Dakota studies • 
. Chemical oxygen demand (COD ) concentrations were obtained in place 
of BOD , but there is a relationship between these two t ests ( 22-143 ) . 
COD reductions in excess of 55 percent were found in the Milbank and 
Beresford investigations ( 14) . One can assume that a sizeable BOD 
reduction also existed . • 
In the Arizona project the BOD
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of the reclaimed water was 
essentially zero , and the COD was reduced from 50 to 1 7  mg/l . The 
BOD range of the applied effluent was 1 0-20 mg/l while the renovated 
water usually contained less than 0 . 5  mg/l BOD . For all practical 
purposes , SS were completely removed in this study ( 1 0 ) . 
Coliform removals are an important consideration when evaluating 
treatment capabilities of an engineered �oil _ system .  The Flushing 
Meadows Pro ject had fecal coliform counts of 1 0
6 
(MPN/1 00 ml )  in the 
applied effluent while the reclaimed water had a range of 0-1 00 per 
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1 00 ml .  These concentrations represent fecal coliform reductions of 
1 04 to 1 05 ( 1 0 ) . At Santee fecal coliform concentrations were obtained 
at two t est wells locat ed 200 and 400 feet from the discharge points . 
Reduct ions of 99 . 9  percent were noted, and samples collect ed 1 500 ft 
from the discharge area had a 99 . 99 percent coliform reduction ( 1 1 ) .  
A stat ement which summarizes the importan ce of continued research 
in the area of engineered soil absorption syst ems was delivered to the 
Pacifi c Northwest Pollution Control Association in 1968 :  
A s  with wat ercourses, soil has a definite assimilat ive 
capacity that can be exceeded. Thus, information regard -
ing the limitat ions and benefit s of utili zing the · assimi ­
lat ive capacity of soil is needed . Others have realized 
the importance of this informat ion , ·and as a result , ex­
panded research emphasis is being devoted to the influences 
o f  soil microbiology , soil physi cs ( porous media flow ) , so il 
chemist ry , ( ion exchange and physi cal adsorption ), and waste­
wat er disposal to the soil . These studies have establi shed 
that decontamination of wastewater by soil usually is achieved 
by filtrat ion , biologi cal degradat ion , and adsorpt ion ( phys­
i cal and chemical ). These decontamination method s  may act 
s ingly or in concert with each other ( 23 ) . 
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EQUIPMENT AND PROCEDURES 
Description of Project 
The City of Brookings is served by a trickling filter wastewater 
treatment facility .  Following secondary treatment the effluent is 
pumped to two stabilization ponds which operate in series . The total 
surface area of the ponds is 23 acres with an operational depth of 5 
ft . The treatment plant is designed for a maximum flow of 4 million 
gallons per day (MGD) while the present average daily flow is about 
2 MGD . With a flow of 2 MGD the tota� detention time in the lagoons 
is about 20 days. The effluent from the second lagoon enters a small 
drainage channel which flows to Six-Mile Creek . 1 Figure 2 shows the 
location of the treatment plant , stabilization ponds , investigation 
site , and other pertinent information . related to the project . As 
shown on the figure , the lysimeters were located near the discharge 
of the lagoons . 
The apparatus at the pro ject site included two 55 gallon barrels 
filled with compacted soil, a small catch basin which divided the flow 
into each lysimeter and into a sampling device, the sampling device 
which composited samples of the input to the lysimeters , a small fun­
nel and hose which diverted a small amount .of lagoon effluent to be 
used as influent to the study, and three sampling containers . A num-
ber of interconnecting hoses and couplings were also used . 
1 Personal Interview: James C .  Nass , City Utilities Engineer , 
Brookings , South Dakota , August 1 ,  1973 . 
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Location . where soil 
was obtained and 
percolat ion tests 
were run . 
FARMLAND 
STABILIZATION 
PONDS 
Access 
Road 
� - -· ------ -
SEWAGE 
TREATMENT 
PLANT 
1/8 mile 
Figure 2 .  Location of investigation site , stabilization ponds , and sewage treatment 
plant at Brookings , South Dakota . l\) --.J 
28 
Plans and object ives for this study were formulated during the 
early summer o f  1 973 and the apparatus was construct ed in July . Fol ­
lowing the init ial planning the proper equipment had to b e  obtained or 
constructed to carry o ut the desired objective s for the pro j e ct . These 
task s  included o btaining the barrels and mount ing the proper connectors 
and adapt ers , modifying a previo usly used �mpling devi ce for compo s ­
iting the input sample ,  construct ion o f  t h e  catch basin , d evi sing some 
method of o btaining a small amount of lagoon effluent to be used in 
flooding the lysimeters , and securing other materials for construction 
of the pilot study . 
An initial st ep in the pro je ct was to obtain a small , represent ­
ative flow o f  lagoon effluent . It was decided to mount a small fun­
nel at the o verflow in the discharge manhole , shown in Fi gure 3 .  This 
p:ro cedure was nece ssary to obtain suffi cient head and quant ity o f · ef­
fluent to inundat e the barrels during the infiltration pro ce s s . A 
1 00 ft . ho se was attached to the base of the funnel and ext ended 
through the discharge pipe . 
A�er it was assured that sufficient lagoon e ffluent could be 
obtained , the barrels had to be po sitioned and filled with soil . A 
general survey o f  the lo cat ion revealed that useable soi l  could not 
be o btained near the site . The area near the effluent stream was 
uncultivated grassland and the so il seemed to be quit e coh e sive . 
Consequently , it was decided to obtain the mat erial from a field 
lo cated acro ss Six-Mile Creek . The sele ction of soi l  from this area 
seemed advantageous be cause if the C ity should decide to construct a 
Manhole 
Lysimeters 
DIKE . 
Discharge Pipe 
Hose 
Outlet 
Figure 3 .  Cross section o f  stabilization pond dike showing the outlet manhole and 
the funnel and hose used to inundate the lysimeters . 
\ � 
Pond
-
Inlet 
l\) 
'° 
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soil absorption system it would probably be in this location . 2 This 
area is owned by the City of Brookings and consist s  of about 40 acres 
of flat , cultivated land . Depending upon the actual infiltration rate , 
this area might be large enough to accommodate a substantial port ion of 
the present wastewater flow . The proximity of the stabilization ponds 
would provide minimum pumping and gravity inundation of  the system , 
and the underdrainage system could discharge into Six-Mile Creek . Of 
course , these thoughts are speculative , but are intended to substan-
tiate the advantages of using soil from this location . 
Soil was collected from four random locations throughout the 
field . After approximately six inch.es of topsoil had been scraped 
aside , the soil was obtained to a depth of about two ft and trans-
ported to the pro ject location .  The collected soil was not analyzed , 
but an earlier study in this area had classified this soil as Lamoure 
silty clay loam ( 24) . This material is not advantageous for an absorp-
tion system because it has a fine-grained structure with low permea-
bility . Sieve analyses of Lamoure soil have yielded about 55 percent 
silt ( O .  05-0 . 002 mm )  and 25 percent clay (less than ·o .  002 mm) ; the 
remaining 20 percent of the soil was predominantly fine and very' fine 
-6 -1 0 C I ) sand ( 24 ) . Permeability rates  were reported from 1 0  to 1 0  cm sec , 
with the lower rates  being in the top horizons . These rates are the 
lowest recorded in the Brookings area by the referenced survey (24) . 
It should be emphasized that this type of "tight " soil i s  not well 
2 . 
James C .  Nass 
suited for an absorption system ,  but the large area required for an 
engineered soil system necessitates the use of the available material . 
A . collection system was constructed in the bottom of each barrel 
by mounting a coarse steel screen on wooden slats . A two -inch layer 
of coarse aggregate and four inches of sand were compacted above the 
screen to function as a transition area preventing the fine soil par­
ticle� from passing through the screen . Soil was then distributed 
into each barrel and uniformly compacted in approximately four-inch 
layers . Precautions were taken to assure equal compaction in each 
barrel and to prevent the possibility of short -circuiting which could 
occur around the perimeter of each unit . Following the compaction of 
each layer the surface Wa.s scraped and another layer of soil was added 
and compacted . This process was repeated five times in each barrel 
resulting in about 20 inches of compacted ·soil above the six-inch 
base of sand and gravel . T�e remaining space permitted five inches 
of ·influent head with a one-inch freeboard . 
Because two lysimeters were to be used in the study , it was 
necessary to provide some method of dividing the flow uniformly and 
to assure a constant head on each lysimeter . For this reason a catch 
basin was constructed and properly mounted between the two barrels .  
This basin would also allow some settlement o f  solids prior to passage 
into the lysimeters .  If these solids · had been allowed to collect on 
the soil surface , in place of settling in the basin , premature clog­
ging of the lysimeters may have resulted . Figure 4 shows a general 
view of the investigation site and Figure 5 shows the positioning of 
the lysimeters and catch basin during actual operation . 
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Figure 4. General view of investigat ion 
site . 
Figure 5 . Position of the lysimeters 
and catch basin . 
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The di�charge from the cat ch basin was representat ive of the 
influent to the ly simet ers . Therefore , a compo sit e  o f  th i s  flo w  
could b e  used fo r the desired analy se s ,  and a sampling device which 
had been used for previous st udies was modified and placed beneath 
the discharge ho se . The device consi st ed o f  a small tro ugh whi ch 
would t ip and d i scharge a port ion o f  sample to the sample container 
whi l e  the remaining effluent was ha.st ed . Thi s  method proved to be 
quit e sat i sfactory in o btaining the de sired influent sampl e s . The 
sampl ing devi ce is shown in Figure 6 .  The sampl e then flowed through 
a small ho se into a two -gallon jug . The sampl ing cont ainer was 
lo cat ed under the ground surface , surrounded by styro foam insulat ion , 
and packed in i ce during the sampling periods . 
A fter pas sing through the soil , the lysimet er e ffluent was 
colle ct ed . in containers similarly lo cated and coo l ed . B e cause the 
flow through each lysimet er was low ,  the output s  did not have to be 
compo sit ed and the containers coll ected the ent ire d i s charge during 
each sampling period . The vo lume of each jug was calibrat ed and the 
amount of di s charge lras measured accordingly . The l o cat ion of the 
three . sample bott l e s  is shown in Figure 7 . 
Construction of the pilot unit was .complet ed in late July , and 
on August 1 ,  1 973, · the lysimeters were in':111d�ted f�r th e first t ime . 
The lysimeters were flooded by conJ1ect ing the ho se to the out l et of 
each barrel , allowing the lagoon effluent to fill from the bottom . 
It was de cided that thi s method would allow air to e s cape ; whereas , 
surface flood ing may have l e ft more air entrapped in the so il voids . 
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Figure 6 .  Position o f  sampling device , 
lysimeters , and catch basin . 
Figure 7 .  Position o f  sample· containers 
and sampling device . 
The initial samples were collected fro m both lysimet ers only 
to det ermine the re spect ive infiltrat ion rate s . Aft er 12 days these 
rat e s  had stabili zed and the samples were obtained for laboratory 
analyses . Twelve samples were collect ed and analy zed during the 
following ten weeks from August 12 to October 23 , 1 973 . Table 1 
give s informat ion 
Table 1 .  
Sample 
Number 
1 
2 
J 
4 
5 
6 
7 
8 
9 
1 0  
1 1 
1 2  
related t o  the sampling schedule . 
Sampling S ch edule for the Lysimet er St udy 
Dates 
Collect ed 
Aug . 1 2-1 3 
Aug . 14-1 5 
Aug . 1 6-18 
Aug . 19-21 
Aug . 22-24 
Aug . 25-28 
Sep . 5-9 
S ep .  1 0-1 3 
Sep . 20-26 
S ep .  27 
O ct . 5 
O ct . 18&2J 
Sample 
Description 
2 Day Composite 
2 Day Compo sit e 
2t Day Compo sit e 
3 Day Compo sit e 
Jt Day Compo sit e  
3I Day Compo sit e  
32 Day Compo site 
4 Day Compo site 
7 Day Compo sit e 
24 Hour Sample 
24 Hour Sample 
24 Hour Sample 
Dat e 
Re corded 
Aug . 1J 
Aug . 1 5  
Aug . 1 7 
Aug . 20 
Aug . 23 
Aug . 27 
S ep . 7 
Sep . 1 1  
S ep . 23 
S ep . 27 
O ct . 5 
O ct . 20 
I n  t h e  table , compo sit e sample refers to collectio n  o f  all dis-
35 
charge for t wo ,  three , or four day periods and compo sit ing them accord-
L�g to flow .  The final three samples were t h e  ent ire di s charge from 
each ly simet er for a one -day p·eriod . It · was felt that aft er t wo months 
o f  operat ion a 24 hour sample would be representat ive o f  the e ffluent . 
Although sample s  were not analyzed continually over the three -month 
period , the discharge was generally colle cted to det ermine the infil -
. . 
trat ion rate . Freezing conditions in lat e October prevent ed further 
collection of samples . The study was discont inued. and the apparat us 
was dismantled in early November . 
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In early October a series of percolation tests were performed in 
the field where the soil had been obtained . The purpose of these tests 
was to determine if any relationship pould be established between the 
percolative capacity of t he undisturbed soil and the infiltration rate 
of the compacted soil in the lysimeters . 
Parameters Studied 
A number of parameters were selected to evaluate the treatment 
pot ential of the soil system . These parameters were chosen for a 
number of reasons : 
1. Their importance in evaluating the operation and efficiency 
of wast e treatment systems 
2 .  Their use as standards for controlling waste discharges in 
pollution control activities 
3 . Their significance in determining the nutrient concentrations 
of water and waste samples 
4 .  Their relationship with the ion exchange capability of the 
effluent and soil 
Biochemical Oxygen Demand . BOD is "the amount of oxygen required by bac-
teria while stabilizing decomposable organic matter under aerobic conditions 
(22-394) . " The BOD test is one of the most important in stream-pollution-
control activities and it is widely used to determine the pollutional 
strength of wastes discharged to a receiving body of water. Consequently , 
regulations have been established controlling t he maximum allowable con-
centrations of BOD in discharges. The BOD analyses in this study followed 
pro cedures outlined in Standard Methods for the 5-day test . The lysimeter 
influ.ent samples were generally diluted to a 10-40 percent mixture while 
the effluent samples. did not require dilution . 
Suspended Solids . The SS determination is extremely important in 
analyzing polluted waters and sewage . The removal of  SS is nearly 
as important as the removal of BOD in stream-pollution-control activ­
ities ( 22-444) . Consequently , standards have been established regu­
lating the allowable concentration of SS in streams and discharges .  
The SS  determinations were made by filtering the samples through 
glass fiber filters and drying
. 
them at 1 05°c according to methods 
described in Standard Methods . 
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Fecal Coliforms . The fecal coliform test is applicable to inves­
tigations of stream pollution , sewage .treatment systems , and general 
water quality monitoring ( 25-669 ) .  The fecal coliform group , which ·  is 
found in the intestines of warm blooded animals ,  is used as an indica­
tor organism for evaluating the microbiological suitability of a water . 
Fecal coliform concentrations were obtained on grab samples of  
lagoon effluent and lysimeter effluent . The samples were sent to  the 
State Department of Health Laboratory , Pierre , South n·akota , for the 
determinations . These analyses were performed on two occasions . 
Total Kjeldahl Nitrogen . Nitrogen compounds are important in the 
life processes of all plants and animals ,  and nitrogen is one of  
the nutrients essential to  the growth of algae . Excessive , unde­
sirable growths of  algae are promoted by the discharge of sewage 
effluents high in nutrients .  Therefore ,  the nitrogen determination 
is an important means of obtaining information concerning this 
problem ( 22-424) .  · 
The total kjeldahl nitrogen test measures ammonia and organic 
nitrogen but does · not include nitrite and nitrate nitrogen ( 25-469 ) . 
The analyses were performed using the digestion and distillation pro ­
cesses prescribed in Standard Methods , although an accepted modifica­
tion of this procedure was employed . A "kel-pak" developed by Matheson 
Chemical Company was added to each flask instead of adding each 
reagent chemical separately . 
Nitrate Nitrogen . Nitrate nitrogen is the most highly oxidized form 
of nitrogen and it supplies organic �itrogen to fertilize plants (25-
454) .  Nitrate concentrations are important in waters that are used 
for drinking because high nitrat e contents often cause methemoglob­
inemia , a sometimes fatal disease in infants .  
"The determination of nitrate nitrogen i s  probably one o f  the 
most difficult an analyst has to perform in order to obtain results 
in which he has real confidence ( 22-430 ) . "  The nitrates tests were 
performed using the brucine method outlined in Standard Methods . 
Phosphorus . "Phosphorus is an element which is essential to the 
growth of organisms , and it can o�en be the nutrient that limits 
the growth which a body of . water can support ( 25-519 ) . "  Nuisance 
algal growths can occur when the phosphorus concentrations of re­
ceiving waters are increased by effluent discharges . Phosphorus 
occurs in natural waters and wastewaters generally in the form of 
inorganic phosphates as polyphosphates or orthophosphates • 
. Phosphorus determinations were made using the persulfate diges­
. tion method and stannous chloride colorimetric procedure as outlined. 
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in Standard Methods .  Th is method det ermine s the concentrat ion o f  total 
inorganic pho sphat e and do e s  not account for organi cally -bound pho sphorus . 
Sodium . Sod ium i s  present in mo st natural wat ers and it s concen­
t rat ion in dome st i c  sewage i s  increased by wat er soft ening method s 
i nvolving sodium exchange pro cesses . Soil permeability has been 
fo und to be detrimentally affect ed by high sodium con cent rations . 
The sodium absorpt ion ratio ( SAR ) has been developed as an ind i ca-
tor o f  the po ssibility o f  soils to be come impervio us t o  wat er ( 25-31 6 ) . 
Concentrat ions o f  sodium , calcium , and magnesium are .needed to deter­
mine the SAR . Flame photometry was used -to det ermine the sodium 
concentrat ions in thi s _ study . 
Hardne ss . Cal cium and magnesium are the predominant hardne ss causing 
ions although any divalent metalli c  cat ion will co ntribut e to the . 
hardne ss of a wat er ( 22-349) . In th is study the hardness t e st s  were 
performed using the EDTA t itrat ion pro cedure and chemi cal s developed 
by the Hach Ch emical Company . Total hardness and calc ium concentra­
t ions were measured , and the difference was attribut ed to magne sium 
hardne ss . Thi s  method do es not account for the ions o f  i ro n , stron- · 
tium ,  or mangane se . Concentrat ions o f  cal cium and magnes i um were 
needed to d et e rmine the SAR of the lagoon e ffluent in ·thi s  study . 
Total Re sidue . Total solids re fers to the re sidue remaini n g  aft er 
evaporat ion and drying at 1 03-1 05°c .  · Total sol id s are diffi cult to 
int erpret in the analysis of pollut ed wat ers and dome st i c wast ewaters 
( 22-439 ) ;  however , with a soil infiltrat io n  syst em change s in t otal 
residue could be substantial . Originally this test was used to 
determine the pollutional strength of wastewater , but it has since 
been replaced by BOD and COD determinations . Residue determinations 
were made using Standard Methods with a drying temperature of 1 05°c .  
Specific Conductance . Specific conductance measurements are used to 
obtain a rapid estimate of the dissolved solids in a water ( 22-184) . 
When the suspended solids concentrations are low the conductance 
readings can be correlated to the total solids concentrations . 
Conductance readings are also used in determining the salinity 
hazard associated with water used for _ irrigation ( 19-1 1 0 ) , The test 
is a measurement of the capacity of a sample to carry an electric 
current , and it is related to the concentration of ionized substances . 
. The specific conductance meas�ements were obtained using a calibrated 
conductivity bridge developed by Industrial Instruments ,  Inc . 
Chlorides .  Chlorides occur in varying concentrations in most waters , 
and originally this determinat ion was used to detect the possibility 
of ground water contamination by sewage . Chlorides have been used as 
tracers because they are not altered or changed by biological pro­
cesses , they are not adsorbed by soil formations , and it is an easily 
measured ion normally contained in water_ ( 2�-381 )
_. Any decrease in 
chloride concentration has generally been thought to be the result 
of dilution rather than chemical processes . Chloride determinations 
were made using the mercuric nitrate method employing diphenylcar-
bazone indicator powder . 
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P!!.!_ pH i s  an indi cator of the intensity o f  the acid or alkaline 
condit ion of a solution . It i s  a measure o f  the hydro gen -ion 
act ivity and is important in every phase of sanitary engine ering . 
In biological wast e treatment pro cesse s pH must be controlled within 
certain ranges favorable to the part icular organisms ( 22-314) . pH 
measurement s were obtained using a Fisher Accumet pH Met er ,  Model 210 .  
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PRESENTATION AND DISCUSSION OF RESULTS 
The results of this study were obtained by collecting samples 
of influent and effluent from each lysimeter during the 85-day test­
ing period. The twelve samples which were analyzed were o btained at 
random , and between sampling intervals effluent was collected from 
each lysimeter to obtain additional infiltration data. Infiltration 
measurements were not made during a two -week period in mid-October 
and over a few weekends 
In this discu ssion the samples a�e referred to as influent , east 
effluent , and west effluent . Influent pertains to stabilization pond 
effluent which was the input to both lysimeters. The east and west 
designations were given to the lysimeters because o f  their phys ical 
arrangement. Determinations o f  quality improvements were made by 
comparing the results o f  the influent and effluent analyses for each 
lysimeter. This text will include presentation and discussion of the 
infiltration data and of the laboratory analyses on the samples. 
Infiltration Re sult s 
Graphs o f  the infiltration rates for each lysimeter are shown 
in Figure 8 .  From the fi gur� it is obvious that the flow from the 
west lysimeter seems to follow a pattern similar to the "typical 
percolation rate curve" discu ssed in the literature (5-35) , but 
the discharge pattern from the east unit is quite different. 
The much higher infiltration rates recorded after about four 
days of flooding were considered to correspond to the increase in 
42 
43 
• 
,, 
0 
� 
(\] 
� 0 0 0 
� 
0 
1 .  
0 
.....__ (> 
v 
Cil v 'V 
E-i 
�-0 
� v v 
z v 0 1 .  H Q 
E-i 
� e 0 
� o .flel 1able Dat& EA ST 
� v Quest !.ol".Abl e Data. LY S HIErER 
� o .  
I 310 
4
10 5o 6b 
710 s'o 10 2·0 
T H'iE  (days) 
2 .  
\ � 1 (\] 
� 
� 
'-....... 
i 
1 .  .....__ 
t%l 
8 
� 
6 
1 . 0 H 
8 
� WEST 
� 0 LY S INETER 
� 
� 0 . 5 -
0 c 
0 " ..; 0 
---i'o 2b JO �o 5o 
I 7b s'o 60 
TIME (days)  
Figure 8 .  Infiltration results from lysimeter study . 
permeability denoted as phase II in the literature s "Phase II has 
been shown to result from the removal of entrapped air by solution 
in the percolating Wdter. Regardless Df how carefully a soil is 
wetted , air is always entrapped ( 5-J4) . "  In this study the lysim­
eters were flooded by forcing the effluent upward through the soil . 
This procedure was used to reduce the probability of  entrapped air 
in the soil , and may have been advantageous as indicated by the short 
duration of the higher infiltration rates interpreted as phase II . 
Although precautionary me�sures were . made to fill the barrels 
with similar soil and compact it equally , the infiltration rates 
were not the same . No explanation can . be given for this difference . 
The average infiltration rate for the east lysimeter was 1 . 4 gallons 
per day per square foot ( gpd/ft2 ) ,  and the average rate for the west 
lysimeter was 0 . 54  gpd./ft2 • This corresponds to seepage rates of  
2 1/4 inches per day ( in/day ) and 7/8 in/�ay , respectively . Over 
the . entire study period the east lysimeter infiltrated about JOO 
gallons of lagoon effluent while the west lysimeter passed about 
1 20 gallons . These results show that the amount o:f effluent 
"treated" was 2 1/2 times greater in the lysimeter with the 
highest infiltration rate . 
A curve was fitted to the plots of the infiltration data for 
both lysimeters . Infiltration results in the east lysimeter are 
quite varied . and , consequently , there i s  a large deviation between 
some points and the curve . Most of the points are close to the 
infiltration rate curve for the west lysimeter .  
On the infiltration curve for the east lysimeter a number of 
the points represent "quest ionable data" (noted on the graph ) which 
was given little consideration when drawing the curve. The ques­
tionable data was obtained during the longer collection periods 
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when an overflow jug was used to measure the discharge . This con­
tainer was placed near the base of the barrel and was used to collect 
effluent for measurement after the regular sample container had filled. 
As the overflow jug filled , the difference in water levels between the 
bottom of the lysimeter and the overflow container decreased . This 
condition hindered the flow of effluent into the collection bottle 
and caused the discharge to "back-up" into the base of the barrel. 
Therefore , the amount of effluent that was collected did not appear 
to represent the true infiltration capability during that period . 
The avera·ge infiltration rate for the two lysimeters was about 
1 gpa./rt2 or 1 . 6  in/day . This low rate does not compare with infil­
tration rates determined by projects discussed in the literature . 
For example ,  the rate at Flushing Meadows was greater than 1 ft/day 
(1 0 ) . Considering the impervious nature of the soil used to fill 
the lysimeters , the infiltration rates obtained in this study seem 
substantial. 
A series of percolation tests were performed in early October 
in the field where the soil was originally obtained. The tests were 
performed according to recommended procedures ( 26 ) , and consisted of 
nine holes bored to a depth of 18-20 inches in various locations 
throughout the area. It was intended that these analyses would 
establish whether or not a relationship existed between the infil­
tration rates obtained from the lysimeters and the infiltration rates 
obtained using Ryon ' s  method . The tests were run after a period of 
abundant rainfall which had left the soil in a very moist condition . 
This  condition is desirable for determining accurate percolation 
values ( 26 ) . The mean percolation rate , which is  the average time 
for the water in the test holes to fall one inch , was 26 minutes 
per inch ( min/in ) . The maximum rate obtained was 18  min/in and the 
minimum rate was 40 min/in . 
Ryon developed two curves in his studies ( 5-12 ) . One was the 
"relationship of t ile field loading rates to percolation test rates" 
and the other was the "relationship of cesspool loading rates to per-
colation test rates . " The basic difference between the curves is 
that the curve pertaining to cesspool loading has slightly higher , 
values for an equal perc?la�ion rate . According to Ryon ' s  curves , 
with a percolation rate of 26 min/in the expected infiltration rate 
is 0 . 95 gpd/ft2 for tile fields and 1 . 2 gpci/�
2 for cesspools . The 
maximum percolation rate of 18 min/in corresponds to loadings of 
1 . 2 and 1 . 6  gpd/ft2 , and the minimum rate of 40 min/in represents 
infiltration potential of 0 •. 6 and 0 . 9 gpd/ft2 , respect ively . It is 
interesting to note the correlation between the infiltration rates 
obtained in the lysimeters and the loadings �uggested by Ryon-­
especially with regard to · the average infiltration rate obtained 
in this study . It seems that the use of Ryon ' s  curves merit some 
attention when determining infiltration capabilit ies  in this area . 
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If a loading rate of 1 gpd/ft2 is used to predict the infiltration 
potential of a so�l absorption system ,  the City of Brookings would need 
a total of 100 acres of infiltration basins to treat an average waste 
flow of 2 MGD . Operation of several equally-sized basins would allow 
equal periods of  dosing and drying. According to the literature ,  the 
infiltration rate could be increased by using a ridge and furrow system 
or growing a cover crop on the basins . This would reduce the required 
area needed for the system ,  but expansion areas should also be consid-
ered to accommodate the anticipated increase in wastewater flow .  
Quality Result s 
The average result s of the laboratory analyses conducted during 
this study are shown in Table 2 .  Results of the individual analyses 
are presented in the appendix . 
Table 2 . Quality Results of t�e Lysimeter Study 
PARAMETER 
Biochemical Oxygen Demand 
Suspended Solids 
Fecal Coliform* 
Total KjeldahI Nitrogen 
Nitrates (as N) 
Phosphorus (as P )  
Sodimn 
INFLUENT 
Average 
Concentration 
(mg/l) 
24 . 8  
21 
730 
8 . 6  
1 . 8 
57 
250 
Total Hardness (as CaC01 ) 
Calcium Hardness (as CaC03) 
Total Residue 
485 
315 
1 280 
1880 
270 
Specific Conductance** 
Chlorides 
EAST EFFLUENT 
Average 
Concentration 
(mg/I) 
2 . 4  
6 . 3 
4 . 5  
1 . 9 
0 . 25 
1 . 0 
260 
61 5 
265 
1400 
2020 
. 295 
WEST EFFLUENT 
Average 
Concentration 
(mg/I ) 
2 . 4  
11 . 3  
4. 0 
2 . 0  
0 . 09 
0 . 4  
260 
730 
285 
1 570 -
221 0 
315 
* Grab samples on two occasions analyzed by State Department 
of Health , Pierre , South Dakota ; measured as MPN/100 ml . 
** Measured as ymhos/cm . 
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The quality results will be discussed as those that are related 
to regulatory standards ,  those that are important in analyzing nutrient 
removals , and those that pertain to the sodium absorption ratio along 
with other related constituent s .  
Biochemical Oxygen Demand, Suspended Solids, and Fecal Coliforms . 
Biochemical oxygen demand (BOD ) ,  suspended solids ( SS ) ,  and fecal 
coliform determinations are some of the more important parameters 
related to water pollution control and regulation of effluent dis­
charges .  Present standards for effluent discharged from the Brookings 
wastewater treatment system are 30 mg/l for BOD and SS with a fecal 
coliform concentration of less than 200 per 1 00 ml . Future regula­
tions will lower the allowable concentrations of BOD and SS to 1 5  mg/l 
while the fecal coliform standard will remain at less than 200 per 
1 00 ml . 3 According to the results obtain_ed for the lysimeter influ­
ent. { lagoon effluent ) ,  additional treatment will be required to meet 
the future standards .  
Results o f  the BOD analyses show that the lagoon effluent gen­
erally meets the present standards although there were two instances 
of the BOD concentrations approaching 50 mg/l . The average BOD con­
centration for the lysimeter input was about 25 mg/l while the effluent 
concentrations averaged 2 . 4  mg/l for both lysimeters , an overall reduc­
tion of 90 percent . The discharge concentrations from the lysimeters 
were well below the anticipated standards for the Brookings discharge . 
J James C .  Nass 
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The BOD concentrations for the effluent from each unit were nearly 
identical for every sampling period which seems to indicate that the 
BOD treatment potential was not appreciably affected by the rate at 
which the effluent passed through the soil . The BOD removals obtained 
near the end of the study were about the same as the initial reductions . 
These removals apparently indicate that the treatment afforded by 
passage through the soil was also not diminished by t ime . Although 
a longer period of inundation might show different results ,  it is felt 
that if dosing and drying periods are regulated the BOD reduction 
should continue to be adequate after continuous use . The Canadian 
study (21 ) . seemed to indicate that finer soils have increased treat ­
ment potential which seems to be substantiated by the excellent BOD 
removal obtained in this investigation · using fine-textured soil . 
The average SS concentration in the lagoon effluent lra.s 21 mg/l , 
and the range of these concentrations was from 1 0  to 45 mg/l . Indi­
vidual samples had more variation between the inpat and output concen­
trations than did the BOD analyses .  The mean SS concentrations o f  the 
effluent samples were 6. 3 and 11 . .3  mg/l in the east and west lysimeters , 
respectively . These concentrations represent overall reduct ions of 70 
and 46 percent . The average SS concentrations of the effluent were 
well below the requirements of the anticipated standards . 
It appeared that the SS in the effluent
. 
from the lysimeters 
resulted partially from the washdown of fines from the lower por­
tions of soil and sand in the barrels . In the Annandale study 
irrigation field effluent had greater SS concentrations than did 
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the stabilizat ion pond effluent ( 13 ) . The increased flow through the . 
east lysimeter was accompanied by lower SS concentrations compared to 
the west unit . This  relationship seems to indicate that increased per­
colation of water through soil tends to remove the fine particles sooner. 
The individual results reveal that in all but one instance the 
SS concentration was greater in the west effluent , and for the last 
50 days of the study this relationship was more evident . As input 
concentrations increased above the 30 mg/l present standard during 
the latter portion of the study , the effluent concentrations also 
increased . The effluent from the east lysimeter exceeded a SS con­
centration of 1 0  mg/l only once while - the effluent from the west 
unit , with lower infiltration rates , approached 20 mg/l three times . 
Generally , the concentration of SS in the lysimeter discharges were 
lower than the anticipated standard of 15 mg/1 . It is  felt that 
with increased water pa�sage and washdorm of fines from the west 
lysimeter the SS concentrations would have been reduced to values 
comparable to those obtained in ·the east unit . 
Fecal coliform counts were obtained on two oceasions for grab 
samples of lagoon effluent and discharge from the lysimeters . The 
lagoon samples yielded counts of 660 and· 800 per 1 00 ml which are 
above the present standards .  Fecal coliform count s o f  less than 5 
were obtained for the lysimeter discharge s�mples ,  well within the 
anticipated standa..."Y'Cls . These counts represent an overall reduction 
of greater than 99 percent . The coliform reductions are not surpris­
ing considering the results obtained at Santee , California ( 11 ) ,  and 
Qther similar project s .  
Total Kjeldahl Nitrogen, Nitrates, and Phosphorus . Total kjeldahl 
nitrogen (TKN ) is .an important para.meter when considering nutrient 
removals .  The TKN test measures both. the organic nitrogen and ammonia 
nitrogen (NH3-N ) found in a sample .  The ammonia content is becoming 
of increased concern in regulatory work , and the anticipated stand­
ards will have a limit of 3 mg/l NH3-N for the Brookings discharge . 4 
Because the TKN concentrations in th e lysimeter discharge were below 
J mg/l ,  it can be predicted that the effluent would meet the future 
standards regarding ammonia coptent . 
TKN concentrations of 5 to 12 mg/l were found in the lagoon 
effluent with the average being 8 . 6  mg/l .  The concentrat ions of 
TKN in the lysimeter discharges ranged from 1 • 0 t o  2.  5 mg/l .  The 
mean concentrations in the effluents were about 2 . 0  mg/l which rep­
resents an average reduction of 77 percent . There was no apparent 
difference between TKN concentrations fo� the discharges from the 
two. lysimeters . Although the input samples showed a substantial 
TKN increase during the latter portion of the study , the TKN in 
the effluent samples remained. fairly constant . The result s tend 
to indicate that TKN removal was not affected by t ime or by the 
amount of effluent passed through the soil . In the Mil bank and 
Beresford studies the TKN was reduced to concentrat ions of less 
than 1 mg/l ( 14) . Comparison with these result s seems to indicat e 
that kjeldahl nitrogen reduct ions were increased when the effluent 
traveled a greater distance through the soil . 
4 James C .  Nass 
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When studying soil absorpt ion capabilities ,  it is  generally 
important to analyze nitrates because of possible ground water 
degradation , but this problem is  not as serious when a soil system 
is artificially drained . When a drainage system i s  used the effluent 
is carried away without substant ially affecting the ground water .  
Such a collection system would appear to  b� necessary if an absorp­
tion system were constructed in the "tight " soil under consideration . 
Nitrate nitrogen concentrations ranged from O .  5 to 4.  7 mg/l in 
the lysimeter influent , and the concentrations increased substantially 
during the last half of the study . A number of the effluent nitrate 
concentrati.ons were below 0 . 1  mg/1 .  r-he mean nitrate concentrations 
were 1 . 82 mg/l in the influent , 0 . 25 mg/l in the east effluent , and 
0 . 09 mg/l in the west effluent . These values represent average reduc­
tions of 86 and 95 percent , respect ively . The final analyses had · 
nitrate concentrations above 4 mg/l in the influent and less than 0 . 1  
mg/l in both effluent s .  The final analyses represent reductions of 
greater than 97 percent and seem to indicate that the soil system 
continued to reduce the nitrate contents after the long inundation 
period . 
In the literature , variations in results and conclusions have 
occurred from nitrate studies on soil absorption systems . The 
results of this investigation are similar to those obtained at 
Flushing Meadows in that longer inundation enhanced nitrat e  removal 
( 1 0) . The 85-day inundation in this study may have produced anaer­
obic conditions in the soil which are essential for denitrification 
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and nitrogen removal . Vegetative cover on infiltration surfaces 
can also be used to increase the nitrogen and nitrate reductions . 
The phosphorus element does not occur free in nature ,  but is 
found in the form of phosphates (Po4) ( 19 ) . It has been shown that 
phosphate adsorbs readily onto soil , and it is the main anion which 
has been found to exhibit this strong affinity for soil particles 
(27 ) . The adsorbtive affinity of phosphate was also evident during 
this study as the average total phosphorus reductions were greater 
than 98 percent . The total ph�sphorus concentration in the influent 
ranged from about 50 to 70 mg/l {as P. ) while the effluent concentra­
tions were generally below 1 mg/l . During the first 45 days of the 
study the phosphorus removals were about equivalent in each lysimeter .  
A�er this period the influent phosphorus concentrations increased 
gradually to 70 mg/l and the concentration in the east effluent rose 
to 2 mg/l while the concentration of phosphorus in the west effluent 
decreased slightly to about 0 . 1  mg/L Such variations could indicate  
that the potential of the soil to  remove phosphorus had been somewhat 
diminish�d by the increased flow through the east lysimeter .  The 
analyses of the final samples showed that phosphorus reductions were 
still greater than 97 and 98 percent in the east and west unit s , 
respectively . 
The studies at local stabilization ponds have shown phosphorus 
reductions of 99 percent were achieved when the lagoon seepage passed 
through the soil ( 14) .  Results from the Flushing Meadows Project are 
not as promising, but phosphorus removal increases with greater 
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percolat ion distance ( 1 0 ) . This comparison seems to demonstrat e 
that the more cohesive so il s have great er pot ential for removing 
phosphorus . 
Other Parameters Studied . A number of other paramet ers whi ch were 
studied are important when evaluat ing the long-t erm pot ent ial o f  
t h e  so il t o  accept water or effluent . Among these const it uent s 
are
. 
sodium , t otal hardnes s ,  cal cium hardness , spe ci fi c  conductance , 
and total residue . 
It is well known that so ils high in exchangeable sodium are un­
desirable for iz-rigat ion . These so il s deflo cculat e and t end to form 
a hard crust and become nearly impermeable t o  wat er . This condit ion 
is promot ed by wat ers high in sodium and is reversed by wat ers con­
taining a high proport ion of �lcium and magnesium ( 28 -24? ) . 
For 20 years the Sodium Adsorption Rat io ( SAR ) has been used to 
classify or predict the suitability of irrigat ion wate r  ( 28-148 ) . 
A previous method of classifying irri gat ion wat ers used o nly the 
percentage o f  sodium while the SAR uses a relat ionship o f  sodium 
to calcium and magne sium . Fo r  this reason the SAR i s  considered 
to be a better method of predict ing the sodium hazard of a wat er 
( 28-1 49 ) .  Concentrat ions of sodium , cal cium ,  and magne sium ,  ex­
pressed as milliequivalent s per lit er ,  are used in det ermining the 
SAR relat ionship . In this st udy the average total hardne s s  concen­
t rat io n  of the applied lagoon effluent (485 mg/l as caeo3) was used 
inst ead of separat e calcium and magne sium concentrat io ns .  The mean 
sodium concent rat ion was 250 mg/l ,  and a SAR o f  5 was calculat ed .  
The �inity hazard , whi ch is also used to classify irrigat ion 
wat er , is measured by the spe cific conductance ( in pmho s/cm ) of the 
water . · The salinity hazard is more important in evaluat ing plant 
growth than predict ing infilt ration potential , but with higher sal­
inity the sodium hazard of wat er also increases . The average spe cific 
conductance of the lysimeter influent was nearly 1 900 )ll1lho s/cm . U sing 
the USDA diagram for classifi cat ion of irrigat ion waters ( 19-1 1 1 ) ,  it 
can be det ermined that the lagoon effluent has a high salinity hazard , 
and with a SAR of 5 represent s ·a borderline low-medium sodium hazard . 
.5.5 
Knowledge and understanding of the so il composit ion and exchange 
capacit ies are needed before predict ions can be made regarding the 
long-t erm potential of the soil to accept wat er .  It i s  difficult to 
predict on the basis of water analyses what may take place in the soil , 
where physical adsorpt ion , base exchange , and the format ion of salt s 
may all o ccur when wat er is .added .  "Those who use wat er analyses to 
evaluat e irrigation supplies should not depend exclusively upon any 
classifi cat ion syst em that take s  only the compo sit ion o f  the wat er 
into account (28-250) . " In a like manner , any predict ions concerning 
the long-t erm capability o f  soil to accept sewage effluent s should not 
be made without sufficient informat ion regarding the relat ionship be­
t ween the particular soil and the applieq. effluent . 
The result s of the specific conductance , t otal residue , and 
chloride analyses of the effluent s all showed similar variat ions with 
respect to influent concentrat ions and t ime . Effluent concentrat ions 
of thes� paramet ers were generally highe� than those of the influent 
(Table 2 ) . Increases in the average effluent concentrat ions from 
the east and west units were as follows : total residue , 9 and 23 per­
cent ; specifi c  conductance , 7 and 18 percent ; and chlorides , 9 and 
17 percent , respe ct ively . All of these values show an approximat e 
1 to 2 relat ionship bet ween lysimet ers , and this relat ionship seems 
to correlat e inversely with the quant ity of flo w  through t h e  lysim­
eters . About 2 1/2 t imes more . lagoon effluent passed through the 
east lysimet er . This apparent correlat ion seems t o  indi cat e that 
the increased flow in the east unit removed the ions fast er . 
The variat ions o f  effluent concentrat ions with respect t o  t ime , 
as well as flow , should also be considered . Init ially the e ffluent 
concentrat ions of total residue , spe cifi c  conductance , and chlorides 
were about the same in both lysimet ers .- A f't er about t hree weeks the 
concentrat ions in the east effluent gradually began t o  decrease ,  and 
af't er t wo months were essent ially ident ical to the influent . During 
this t ime the concentrat ions in the west discharge were also decreas­
ing , but not to such a great ext ent . Analyses of the ·final samples 
showed that the concent rations in the west effluent . were about 1 0  
percent great er t han in both the influent and east effluent . It is 
ant icipat ed that a similar t rend was developing in the west lysimet er , 
and if the pro je ct had been continued for a suffi cient t ime period , 
the concentrations in the influent and each effluent would be about 
equal . 
Evaporat ion may have also been important in establish ing these 
t rends. and differences in effluent concent rat ions . B e cause of the 
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higher infiltration rates in the east lysimeter ,  the influent was not 
retained above the soil surface as long as in the west unit . The evap­
oration process would tend to increase the concentration of these con­
stituent s in both units ,  but to a greater extent in the west lysimeter .  
The effluent discharged from the west unit should t end t o  have a higher 
concentration of the parameters affected by evaporation , and the results 
substantiate this expectation . 
Although the total hardness concentrat ions showed a trend similar 
to the total solids , specific conductance , and chloride analyses ,  the 
hardness concentrations of the final effluent in the east unit were not 
as low as in the influent . Total hardness concentrat ions were increased 
27 to 50 percent in the east and west units ,  respectively , and were 
accompanied by calcium reductions of 16  and 1 0  percent . The decrease 
with time in the effluent concentrations of total hardness may have 
resulted from a decrease of . exchangeable magnesium in the soil . The 
increased flow in the east lysimeter seems to have leached out the 
exchangeable ions faster than in the west unit . 
The · sodium analyses show an average increase o·f 4 percent in the 
effluent of both lysimeters . There seems to have been little relat ion� 
ship in the effluent sodium . concentrations between the different amounts 
of water percolated through the soil or the length of  inundation . 
The pH readings did not appear to be significant and were not 
included in the tabulation of results .. During the first half of  the 
study the pH values had differences of ±0 . 1  unit between the input . 
and ou:t put samples . The last few samples had a pH of about 8 .  0 for 
the influent while the effluent values were 8 . 2 to  8 . J . 
SUMMARY AND CONCLUSIONS 
This study was made to determine the effects of using soil infil-
tration to treat stabilization pond effluent . The investigation in-
volved passing effluent from the Brookings , South Dakota , stabilization 
ponds through lysimeters filled with compacted soil . Discharge from 
the lysimeters was collected and measured to determine the infiltra­
tion ·rates for each unit . Samples of lysimeter influent and effluent 
were obtained for laboratory analyses to determine the water quality 
and to evaluate the treatment afforded by percolation through the 
soil . The water quality result s were also compared t o  the present 
and anticipated standards ftr the Brookings discharge . 
From information gained in this study and from a review of the 
.literature , the following con�l usions can be made : 
1 .  The infiltration rates obtained using dist urbed , compacted 
soil in the lysimet·ers were quite low .  Unless greater rates 
can be obtained in an actual field system , the area required 
to accommodate the Brookings wastewater flow might be too 
great to make a soil absorption system pract ical .  Numerous 
methods of increasing the infiltration rate have been sug-
gested in the literature ; including , using ridge and furrow 
systems , growing a cover crop , incr·easing the depth of the 
infiltrating water ,  cultivating the soil surface ,  and reg-
ulation of dosing and drying ·periods . 
2 .  Passing the stabilization pond effluent through the soil 
lysimeters substantially decreased the concentrat ions of 
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BOD , SS , and fe cal col iforms ·. BOD and SS concent rat ions in 
the lagoon effluent were generally within the present stand ­
ards , but the fe cal co lifo rm  concent rat io n s  were much great er 
t han all o wed by pre sent regulat ions . BOD , SS s and fecal col i ­
form co ncentrat ions in t h e  lysimeter e ffluent were all within 
the ant i cipated fut ure standards for the Brookings d i scharge . 
3 .  The so il sy st em appreciably reduced the nutrient concent rat ions 
in the applied effluent . The TKN t e st i nd i cat ed the future 
standards regulating �mmonia co nt ent could be met . Reduct ions 
o f  nitro gen and pho sphorus sho uld minimi ze any nuisance algal 
co ndit ions that might o ccur in rece ivi n g  wat er bodie s .  
4 .  The SAR o f  the applied effluent seems t o  i nd icat e that there 
should be l ittle probl em with the so il surface be coming im­
permeable after cont inued inundat ion . B ut the sodium rela­
t io nship sho uld be studied further before a so il absorpt ion 
syst em is construct ed in this area . The increase i n  salt s 
seems to be negl i gible and should cause no major problem 
�ith longer inundat ion periods . 
5 . Cont inued inundat ion do e s  not seem t o  apprec iably affe ct the 
treatment pot ent ial o f  the so il . and , wit h  proper management ,  
a soil absorption sy stem sho uld cont inue t o  provid e  adequat e 
t reatment o f  the effluent . But the long-t erm effe ct s o f  pas s ­
ing stabili zat ion pond effluent throug.h so i l  cannot be accu� 
rat ely predi ct ed without conduct ing a longe r  study on soil 
that i s  undist urbed . Such a study should be conduct ed o ver 
a t wo or three year period . 
4.  
LITERATURE C TI'ED 
Fink , D .  H . , Thomas , G .  W . , and Meyer , W .  J . , "Adsorpt ion of 
Anionic Det ergent s by So il s , "  Jo urnal o f  the Wat er Pollu­
t ion Cont ro l Federat ion , 42 , 265-271 , (February 1 970) . 
Met calf and Eddy , Inc . , Wast ewat er Engineering: Collect ion, 
Treat ment , D i spo sal , 1 st Ed . ,  McGraw-H ill Book C ompany , 
New York , N • Y • , ( 1 972 ) • 
Andersen , John R . , "Tert iary Treatment : D efinit ion and Appli ­
cat ion , "  paper present ed at The Fourt e enth Great Plains 
Wast ewat er D esign Conference , Omaha , N e braska , (March 24 , 
1 970) . 
Symons , George E . , "Let s -Caine to T erms Again , "  Wat er and Wast es 
Engineering, £, No . 11 , 57-60 , (November 1 969) . 
McGauhey , P .  H . , and Krone , R .  B . , Soil Mant l e  as a Wast ewat er 
Treat ment Syst em , SERL Report No . 67-1 1 , Sanitary Engin­
eering Re search Laboratory , University of Califo rnia , 
Berk eley , (D e cember 1967 ) . 
6.  Bendixen , T .  W . , H ill , R .  D . , Schwart z ,  W. A . , and Robeck , G .  G • ., 
"Rid ge and Furrow Liquid Wast e Dispo sal in a Northern 
Lat it ude , "  Journal ·of the Sanitary Engine ering D ivi sio n ,  
Ameri can So ciet of C ivil E n  ineerin , 2_±, No . SA-1 , 
1 47-1 57 , February 1968 • 
7 • Bouwer , H erman , " Infiltrat ion with Low Quality Wat er , "  paper 
pre sent ed at the 65th Annual Me et ing o f  the American 
So ciety of Agricult ural Engineers , Hot Sprin gs , Arkansas , 
(June 28-30 , 1 972 ) . 
8 .  Rice , Robert C . , "Soil Clogging During Infilt rat ion with Sec­
o ndary Sewage Effluent , "  paper present ed at the 65th 
Annual Meet ing of the American So ciety o f  Agricultural 
Engineers , Hot Springs , Arkansas , ( June 28-30 , 1 972 ) . 
9 .  Bouwer , Herman , "Renovat ing Municipal W�st ewat er by H i gh ­
Rat e Infilt rat ion for Groundwat er Re charge , " paper 
present ed at the 93rd Annual Conference of t h e  
Ameri can Wat er Work s  Asso ciatio n , Las Vegas , 
Nevada , ( May 1 3-18 , 1 973 ) . 
1 0 .  Bouwer , H erman , Lance , J .  C . , and Rice , R .  C . , "Renovat ing 
Sewage Effluent by Groundwat er Recharge , "  unpubli shed 
paper obtained from authors , U .  S .  Wat er Conservat io n 
Laboratory , U .  S .  D epart ment o f° Agri culture , Pho enix , 
Arizona . 
60 
1 1 . 
1 2 .  
1 3 .  
1 4 . 
15.  
1 6 .  
1 7 .  
1 8 .  
1 9 . 
20. 
21 . 
22 . 
Merrell , J .  C .  ,Tr .  , Katko , A .  , and Pintler ,  H .  E .  , The Sant e e  
Recreat ion Proje ct , Santee,  Cal ifornia ,  Summary Report , 
1962-1964 ,  Publ icat ion No . 999-WP-27 , U nit ed Stat e s  
Department o f  Health , Educat ion , and Welfare , P ubl i c  
Health Service , ( 1965 ) . 
" Israel Turns to Sewage for Wat er , "  Engineering N ews Re cord , 
!.§1, ( November 6 ,  1969 ) . 
"Report on Operat ion o f  Wast ewat er Treatment Work s , Annandale , "  
Minne sot a  Pollut ion Control Agency , D i  vision of Wat e r  
Quality , ( Sept ember 1 -2 ,  1970) . 
Druyve st ein , Terry L . , Infilt ration Lagoons as a T ert iary 
Treat ment Device , Mast er of Science The si s , Sout h  
Dakota Stat e University , Brookings , Sout h  Dakota ( 1970 ) . 
Jensen , Douglas C . , A St udy of Groundwat er D egradat ion Result ing 
from Wast ewat er Treatment by Lagooning, 11 Mast er o f  S cience 
Thesi s ,  South Dakota Stat e University , Brook ings , South 
Dakota ,  ( 1 972 ) . 
Tilst ra , John R . , Mal ueg,  K .  W . , and Larson ,  W .  C . , "Removal 
of Pho sphorus and N itrogen from Wast ewat er E ffluent s by 
Induced Soil Percolat ion , " Jolirnal o f  the Wat er Pollut ion 
Cont rol Federat ion , 44, 796-805 , (May 1 972) .  
Chaiken , Eugene I .  , Poloncsik ,  S .  , and Wilso n , C .  D . , "Muskegon 
Spray s Sewage Effluent s on Land , "  C ivil Engine ering, 
49-53 , ( May 1 973 ) .  · 
Wisler , c .  o .  and Brat er , E .  F . , Hydrology , 2nd Ed . ,  John W iley 
and Sons , Inc . , New York ,  N .  Y . , (1 959) . 
McKee , Jack E . , and Wolf , H .  W . , ed . ,  Wat er Qual ity C rit eria , 
Publ icat ion No . 3-A , Cal ifornia Stat e Wat er Quality 
Cont rol Board , Sacramento , Cal ifornia , ( 1963 ) .  
Schwart z Warren A . , and Bendixen , T .  W .  , " So il Sy st ems for , . 
Liquid Wast e Treatment and Dispo sal : Environmental 
Fact ors , "  Journal of the Wat er Pollut ion C o nt ro l  
Federat ion , 42 , 624-6JO , (April 1 970) .  
De Vrie s ,  J .  , "Soil Filt rat ion o f  Wastewat er Effluent and the 
· Me chanisms o f  Pore Clo gging, 
1 1  Journal of t h e  Wat er 
Pollut ion Control Federat ion , . 44 , 565-573 , (April 1 972 ) . 
Sawyer Clair N . , and McCarty , Perry L . , Chemi stry for Sanitary 
E�gine ers , 2nd Ed . , McGraw-Hill Book C ompany , New Y ork ,  
N .  Y • , ( 1967 )  • 
61 
2J. Hajek , B .  F . , "Chemical Int eractions of Wast ewat er in a 
So il Environment , "  Journal of the Water Pollut ion 
Control .Federat ion , 41 , 1 ?75-1 786, (October 1 969) . 
24 . West in ,  F .  C .  , and others , "Soil Su...."'M!ey of Brookings County , · 
South Dakota , "  Unit ed States  Department of Agriculture 
Soil Conservation Service and South Dakota Agricultural 
Experiment Stat io n ,  Series 1955 , No . J .  
25 .  Standard Met hod s for the Examination o f  Wat er and Wast ewat er , 
1 3th Edit ion , American Public Health Asso ciat ion , 
Wash ington , D .  C . , ( 1971 ) .  
26. Manual o f  Septic  1'ank Pract ice , U .  S .  Department of Health , 
Educat ion , and Welfare , Public Health Servi ce ,  ( 1 967 ) . 
27 . Preul j Herbert C . , "Contaminant s in Groundwaters Near Wast e 
Stabilizat ion Ponds , "  Journal o f  the Wat er Pollut ion 
Control Federat ion , 40 , 659�669 , (April 1 968) . 
28 . Hem , John D . , Study and Int erpretat ion of the Chemical Charac­
t erist ics o f  Natural Wat er ,  Unit ed States  Geological 
Survey Water-Supply Paper 1493 , United Stat e s  Department 
of the Interior, Washington , D .  C . , ( 1 959 ) . 
62 
6J 
APPENDIX A .  Result s o f  Individual Laborat ory Analyses 
PARAMEI'ER 
Bio chemri. cal Suspended Total N itrat e s  Pho sphorus 
Sample Sample Oxygen Solids K jeldahl as as 
Number Descript ion Demand Nitro gen N p 
( mg/l ) ( mg/l ) ( mg/l ) ( mg/l ) ( mg/l ) 
1 Influent 26 . 1 0 .  4 . 48 
East Effl . 2 . 9  7 . 0 . 56 
West Effl . 2 . J  7 . 1 . JJ 
2 Influent 24. 18 . 6 . 91 0 . 72 50 .  
East Effl . 2 . 8 6 .  2 . 4J 0 . 1 O . J  
West Effl . 9 .  2 . 4J 0 . 1 0 . 65 
J Influent 1 7 .  24 . 7 . 61 0 .58 58 . 
East Effl . J . 2  7 .  2 . 1 5  0 •. 1 2  0 . 29 
West Effl . J . 2  1 3 .  2 . 43 0 . 1 1  0 . 76 
4 Influent JO . 15 .  8 . 1 2  0 . 78 51 . 
East Effl . 2 . 1  8 .  2 . 24 0 . 075 0 . 74 
West Effl . J . 4  17 .  2 . 43 0 . 08 0 . 54  
5 Influent 9 . 14.  8 . 86 0 . 94 52 . 
East Effl . 2 . 5 6 .  1 . 96 0 . 07 0 . 25 
We st Effl . 2 . 7  6. 2 . 4J 0 . 08 o . 6  
6 Influent 26. 1 0 .  8 . 77 0 . 55 53 . 
East Effl . 1 . 0 1 0 .  2 . JJ 0 . 055 0 . 22 
West Effl . 2 . J  8 .  2 . JJ 0 . 040 0 � 38 
7 Influent 49 . 1 9 .  9 . 8  0 . 70 54 .  
East Effl . 1 . 6 . 7 .  1 . 59 0 . 06 0 . 59 
W e st Effl . 2 . 0  1 0 . 1 . 77 0 . 06 0 . 40 
8 Influent 48 1 5 .  8 . J1 0 . 90 48 . 
East Effl . 1 . 9  6 .  2 . 24 0 . 075 0 . 53 
West Effl . 2 . 5  8 .  2 . 05 0 . 07 0 . 25 
9 Influent 20 .  29 . 2 . 75 59 . 5 . 
East Effl . 2 . 7  o .  0 . 54  2 . 33 . 
West Effl . 1 . 5 8 .  0 . 1 1  0 . 12 
1 0  Influent 23 . 14.  1 0 . 55 4 . 7 66 . 5  
East Effl . 3 . 3  7 .  1 . 1 2  1 . 04 2 . 03 
West Effl . 2 . 1  1-1 . 1 . 49 0 . 14 0 . 19 
1 1  Influent 5 .  40 . 3 . 0 68 .  
East Effl . 2 . 8 1 .  0 . 52 
West Effl . 2 . 8 18 . 0 . 12  0 . 17 
1 2  Influent 20 . 5  45 . 1 2 . 6  4 . 35 71 . 
East Effl . 1 . 7 11 . 2 . 1 5  0 . 08 1 . 92 
West Effl . 1 . 2 21 . 1 . 49 0 . 1 0  0 . 14 
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APPENDIX A ( cont inued ) . Result s of Individual Laborato ry  Analyses 
��������-PARAMETER ���������­
Sodium Total Calcium Total Specific Chlorides Sample · Sample Hardness Hardness Residue Conductance 
Number Descript ion as Caco
3 as CaCOJ 
(mg/l )  (mg/l ) ( mg/l ) (mg/l ) ( µmhos/cm)  ( mg/l ) 
1 
2 
J 
4 
5 
6 
7 
8 
9 
1 0  
11 
1 2  
Influent 
East Effl . 
West Effl . 
Influent 
· East Effl . 
West Effl . 
Influent 
East Effl . 
West Effl . 
Influent 
East Effl . 
West Effl . 
Influent 
East Effl . 
West Effl . 
Influent 
East Effl . 
West Effl . 
Influent 
East Effl . 
We st Effl , 
Influent 
East Effl . 
West Effl . 
Influent 
East Effl . 
West Effl . 
Influent 
East Effl . 
West Effl . 
Influent 
East Effl . 
West Effl . 
Influent 
- East Effl . 
West Effl . 
280 
280 
280 
J05 
270 
270 
280 
295 
295 
280 
J1 0 
290 
280 
J05 
290 
295 
J20 
295 
225 
2JO 
245 
21 5 
2JO 
240 
225 
240 
2JO 
21 0  
21 5 
240 
200 
21 0  
240 
200 
21 5  
205 
520 
780 
760 
505 
725 
765 
505 
71 0-
755 
51 0 
695 
735 
495 
630 
745 
520 
600 
7J5 
495 
575 
81 0 
490 
590 
81 0 
465 
51 5 
720 
440 
485 
695 
455 
590 
660 
41 0 
490 
570 
31 0 
J30 
320 
J30 
285 . 
. 295 
J20 
285 
270 
J45 
290 
275 
280 
250 
280 
300 
260 
330 
JOO 
280 
JJO 
340 
270 
J05 
365 
240 . 
270 
320 
245 
265 
280 . 
21 0  
21 0  
1 JOO 
1 5JO 
1 560 
1 J20 
1 .545 
1 720 
1 J55 
1 520 
1 655 
1 JJO 
1 640 
1 680 
1 300 
1440 
1 560 
1 JJO 
1470 
1 600 
1 340 
1 J85 
1 695 
1 JOO 
1 J60 
1 640 
1240 
1 295 
1 520 
1 1 70 
1230 
1 500 
1 1 90 
1 1 90 
. 141 5 
1 170 
1 1 65 
1 J1 5  
1 980 
2J20 
2300 
1860 
21 00 
2140 
1870 
2080 
21 00 
1860 
21 1 0  
21 JO 
2050 
2250 
231 0 
1 920 
21 70 
2J40 
1 880  
1 990 
2 J50 
1 850 
1 940 
2325 
1 890 
1 920 
2250 
1820 
18JO 
2280 
1840 
1 790 
21 JO 
1 740 
1750 
1900 
260 
· J05 
310 
275 
J1 5 
J05 
270 
31 0 
310 
270 
320 
J05 
275 
320 
325 . 
280 
JOO 
J20 
270 
295 
J25 
270 
295 
3J5 
270 
285 
J30 
265 
270 
J25 
260 
260 
J1 0 
250 
250 
280 
APPENDIX B .  other Data Related to the Lysimeter Study 
FECAL COLIFORM COUNTS 
Date Influent East Effluent West Effluent 
(MPN/1 00 ml ) ( MPN/1 00 ml ) (MPN/1 00 ml ) 
October 23 , 1 973 800 3 3 
October 29 , 1 973 660 6 5 
pH DETERMINATIONS 
Sample Influent East Effluent West Effluent 
Number ( units )  ( unit s )  ( unit s )  
1 7 . 7 7 . 5  7 . 6  
2 7 . 65 7 . 7 7 . 65 
3 7 .�85 7 . 7 7 . 8  
4 · 7 . 85 7 . 8  7 . 75 
5 7 . 9  7 . 9  7 . 75 
6 7 . 9  7 . 8  7 . 9  
7 7 . 7 7 . 7 7 . 7 
8 7 . 65 7 . 8  7 . 8  
9 7 . 9  8 . 2  8 . 3 
1 0 7 . 9  8 . 2  8 . 25 
1 1 8 . 0  8 . 2  8 . 3  
1 2 8 . 0  8 . 25 8 . 3  
PERCOLATION �.EASUREMENTS 
Test Hole· 
Location* 
Percolat ion Rate 
East 1 
East 2 
East 3 
Middle 1 
Middle 2 
Middle 3 
West 1 
West 2 
West 3 
( IJ].inutes/inch )_ 
26 . 7 
26 . 7 
24 . 0 
21 . 8 
21 . 8  
1 8 . 5 
40 . 0  
34 . 3  
26 . 7 
* Refers to location in field . 
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